Abstract: The purpose of this study is to investigate the characteristic changes of the Changma season in the 2000s. To accomplish this goal, we have used daily rainfall data collected over nearly 40 years (1971 to 2010). The average summer precipitation data including the Changma season were collected from 16 weather stations that are placed across the three major regions (i.e. central region, southern region, and Jeju region) as Korea Meteorological Administration divided. These precipitation data were analyzed to find out characteristic changes of the Changma season.
Introduction
Changma season usually begins on late June and ends on the middle of July (Lee and Kim, 1983) and is a part of the summer monsoon in East Asia (Park et al., 1988) . It is a seasonal phenomenon that tends to occur similarly in China, Korea and Japan also defined it as raining under the influence of the Mei-yu front, Changma front and Baiu front, respectively. In particular, the Changma season is cited as one of the most important circulating systems with regard to water circulation in East Asia. Thus it is very important to improve understanding and forecasting capability of heavy rainfalls in this region (Kim et al., 2003) .
Several studies on the Mei-yu front have been studied in association with heavy rainfalls and frontogenesis Chen and Yu, 1988; Cho and Chen, 1995; Chen, 2004) . On the other hand, many observational studies and numerical simulations on the Baiu front and Baiu frontal disturbances have been carried out quite extensively (Matsumoto et al., 1971; Ninomiya, 2000; Kawatani and Takahash, 2003) . Park et al. (1988) analyzed that Changma precipitation, especially intense in the southern part of Korea when weak Changma precipitation occurred in the northern central part of Korea. On the basis of the distribution of precipitation, they defined the Changma season as the period from 22 June to 19 July. Although the Changma season occurs every summer, characteristics of the Changma season however differed every year (Lee and Kim, 1983) , and recently, precipitation in August after the Changma season has tended to be larger than that in July during the Changma season (Lee and Cho, 2007; Moon et al., 2007; Park et al., 2008) . Aside from this, the world has been plagued by unusual atmospheric phenomena such as El Niño, La Niña, draughts, floods and abnormal climates which contributed to increased regional precipitation and deepened regional deviation *Corresponding author: ihyoon@knu.ac.kr *Tel: +82-53-950-5922 *Fax: +82-53-950-5946 in terms of precipitation (Cha et al., 2000; WMO, 2010) .
As for studies on the Changma season, heat and moisture sources (Park et al., 1986) , variability of regional precipitation (Ho and Kang, 1988; Park and Rhu. 2005) , change in precipitation (Lee and Kwon, 2004) , and patterns of precipitation have been examined. In particular, Yoon et al. (2006) conducted an analysis on the seasonal precipitation in Korea through the use of a seasonal precipitation index. Kim et al. (2005) studied the regional characteristics of the daily precipitation intensity in Korea from 1971 to 2000. Park et al. (2008) compared differences in monthly precipitation between regions to analyze changes in characteristics of precipitation in terms of time and space during summer over the Korean peninsula. These studies reported that precipitation had drastically increased after the Changma season. Moon et al. (2007) conducted a study on changes in the Changma season in the summer. After 1990, precipitation in the Changma season have been decreased, whereas it increased in August. Hence concentrated analysis has been conducted for the better definition of the Changma season. Lee and Lee (1993) analyzed relationships between surface temperatures of the Pacific Ocean and at altitudes of 500 hPa in the northern hemisphere to establish a model to predict the onset time of the Changma season. Lee and Ho (1998) focused on determining the onset time of the Changma season by the use of re-analysis on daily average NCEP/NCAR data and on precipitation in the Korean peninsula. Park et al. (2006) analyzed characteristics, onset and ending times of the Changma season through the use of data on reanalysis on NCEP and on air force observation. Although there are differences between the onset and ending times of the Changma season from that of the period in which researchers determined and studied the Changma season. However it has turned out that both the period and onset and ending time of the Changma season are incongruent (Lee and Kim, 1983) .
This study aims to compare precipitation during the 
Data and Method
Data used in the study include daily precipitation, weather maps and satellite image based on the Monthly Meteorological Report and Annual Meteorological Report published by the Korea Meteorological Administration (KMA), and the period of analysis is 40 years from 1971 to 2010. Generally speaking, the summer is the period from June to August, but precipitation in September is often linked to the Changma season in the summer in Korea, so September has been included as a summer month (Lee and Kwon, 2004; Yoon et al., 2006) . According to the results of the study conducted by Kwon et al. (2007) , the summer begins in May in some southern areas including Seoul, Daegu and Jeonju and metropolitan cities, so May has been included in the analysis data.
Gangreung, Seoul, Incheon, Ulreungdo, Suwon, Chupungryeong, Pohang, Daegu, Jeonju, Ulsan, Gwangju, Busan, Mokpo, Yeosu, Jeju and Seoguipo for which a relatively long-term observation has been conducted on a continual basis have been selected as the places of analysis (Table 1) . According to KMA, we also divided three regions i. Comparative analysis has been conducted based on average values for 30 years by piecing together long-term atmospheric phenomena. In the meantime, the average precipitation represents the average value in a spot included in each region. In addition, the ratio of monthly precipitation from 1971 to 2010 every 10 years has been acquired and analyzed in order to figure out monthly characteristics of precipitation in the summer.
Analysis on correlations between the Changma season and precipitation
A correlation coefficient formula by Karl Pearson (1857-1936) has been used to figure out correlations between the Changma season and precipitation, and correlations between the two factors have been analyzed. The correlation coefficient (r) is defined as follows: (1) is referred to as the number of rainy days in the pertinent period, and is the average value of rainy days. is precipitation in the pertinent period, and is the average value of precipitation in the pertinent period. The degree of correlations among variables has been interpreted based on the same standards as shown in Table 2 .
Results

Changes in regional precipitation
Monthly precipitation in the summer by region has been divided into the period from 1971 to 2000 and the period from 2001 to 2010 before calculation of the average value for the past 30 years and for the latest 10 years. In the central region, the average precipitation was 882 mm in the period from 1971 to 2000, and it was 1,088 mm in the period from 2000 to 2010. It indicates that the average value has been increased by 206 mm for the latest 10 years. In the southern region, the average precipitation was 1,071 mm in the period from 1971 to 2000, and it was 1,203 mm in the period from 2001 to 2010. It indicates that the average value has been increased by 132 mm for the latest 10 years. In the Jeju region, the average precipitation was Table 2 . Interpretation of correlation coefficient
Correlation coefficient Interpretation 0.2 < r < 0.2 almost ignore 0.2 < r < 0.4 low 0.4 < r < 0.7 relatively high 0.7 < r < 0.9 high 0.9 < r < 0.9 very high 1093 mm in the period from 1971 to 2000, and it was 1,345 mm in the period from 2001 to 2010. This indicates that the average value has been increased by 252 mm for the latest 10 years. According to analysis on regional monthly average precipitation, precipitation in the central region was the highest in July, and precipitation tended to increase during the period from May to September. In the southern region, precipitation was the highest in August, and it was reduced in June whereas it tended to grow in May, July, August and September. In the Jeju region, precipitation was the highest in June and July for the past 30 years whereas, in the latest 10 years, it was the highest in September. Precipitation was reduced in June and July whereas it tended to increase in May, August and September (Table 3) . Figure 1 through Fig. 3 indicates the results of analysis on monthly precipitation every 10 years from 1971 to 2010 by region, and aimed to figure out monthly characteristics of precipitation in the summer.
Regional monthly precipitation
In the central region, precipitation was the highest in August in the 1970s by accounting for 33% of total precipitation, and it was followed by 27% in July and 16% in June. In the 1980s, precipitation was the highest in July by accounting for 29% of total precipitation, and it was followed by 27% in August and 21% in September. In the 1990s, precipitation was the highest in August by accounting for 34% of total precipitation, and it was followed by 27% in July and 15% in September. In the 2000s, precipitation in July was the highest by accounting for 34% of total precipitation, and it was followed by 26% in August and 18% in September. Monthly precipitation in the central region varies from the 1970s through the 2000s. In the 1980s and the 2000s, precipitation was the highest in July, and in the 1970s and the 1990s, precipitation was the highest in August (Fig. 1) .
In the southern region, in the 1970s, precipitation in August was the highest by accounting for 37% of total precipitation, and it was followed by 22% in July and 17% in June. In the 1970s, precipitation in September accounted for 12% of total precipitation, indicating the lowest amount for all periods. In the 1980s, precipitation in August was the highest by 35%, and it was followed by 24% in July and 17% in June. In the 1980s, precipitation in May accounted for 8%, indicating the lowest for all periods. In the 1990s, precipitation in August accounted for 44%, indicating the highest for all periods, and it was followed by 20% in July and 16% in June. In the 2000s, precipitation in August accounted for 39%, indicating the highest for all periods, and it was followed by 26% in July and 13% in June. In the southern region, precipitation in August was the highest for the entire period from the 1970s through the 2000s (Fig. 2) . Unlike the central region or the southern region, precipitation in July accounted for 24%, indicating the highest precipitation count in the Jeju region during the 1970s, and it was followed by 23% in June and 22% in August. In the 1980s, precipitation in July was the highest by 26%, and it was followed by 23% in June and 21% in August. In the 1990s, precipitation in August accounted for 27%, indicating the highest for all periods, and it was followed by 24% in July and 19% in June. Unlike other regions, precipitation in September accounted for 33% of total precipitation, indicating the highest in Jeju region in the 2000s, and it was followed by 20% in August, 19% in July and 16% in June. Monthly precipitation in the Jeju region varies in all periods from the 1970s through the 2000s. Precipitation in July was the highest in the 1970s and the 1980s, and that in August was the highest in the 1990s. Precipitation in September was the highest in the 2000s (Fig. 3) .
Precipitation in August was high in all of the three regions in the 1990s, and it has a lot to do with unprecedented localized torrential downpours in 1998 and 1999. After the Changma season was finished in 1998 and 1999, there were a lot of heavy downfalls in August, and it was due to the fact that strong lowlevel jet streams with enhanced North Pacific high pressure induced a lot of vapor to flow into the Korean peninsula. In addition, the upper pressure trough created in the northwest of the Korean peninsula was cited as an important cause of occurrence of torrential downpours (Cha et al., 2000; Hwang and Park, 2000) . (Fig. 4) . June: The range of fluctuation of precipitation in June in the central region for the latest 10 years was not more than 150.0 mm, which is drastically lower than normal years. Average precipitation was 126.1 mm, up 4.6 mm from normal years. For the latest 10 years, the range of fluctuation of precipitation has drastically decreased, the minimum value was recorded Fig. 2 . Same as Fig. 1 , but for the southern region. (Table 4) .
Characteristics of monthly precipitation
According to analysis on correlation coefficients between the period of the Changma season and precipitation in the central region and the southern region, correlations between the period of the Changma season and precipitation for the latest 10 from normal years (397.7 mm). What is noteworthy is that nationwide precipitation was higher than usual in and 2009 ). This stems from the fact that there are other factors than effects of the seasonal monsoon fronts during the Changma season.
Summary and Conclusion
As a result of analysis on average precipitation in the summer and that in the Changma season by region from 1971 to 2000 and from 2001 to 2010, the range of fluctuation of precipitation during the Changma season became larger than usual for the latest 10 years, and the amount of rainfall and the number of rainy days gradually increased even after the Changma season. Precipitation in June and July was reduced for the latest 10 years compared to the past 30 years whereas precipitation in September increased. In addition, the variability of precipitation during the Changma season was increased.
As a result of acquiring correlation coefficients between the period of the Changma season and precipitation for the purpose of figuring out correlations between the two factors, it has been found that a correlation coefficient for the past 30 years was 0.723, but it was 0.524 for the latest 10 years. This indicates that correlations between the period of the Changma season and precipitation have been relatively reduced for the latest 10 years compared to the past 30 years.
According to analysis on regional monthly precipitation, precipitation in July was the highest in the 1980s and the 2000s, and that in August was the highest in the 1970s and the 1990s. In the southern region, precipitation in August was the highest for all periods from the 1970s to the 2000s. In the Jeju region, precipitation in July was the highest in the 1970s and the 1980s, and that in August was the highest in the 1990s. In the meantime, precipitation in September was the highest in the 2000s indicating that high precipitation months tend to grow later.
The variability of precipitation during the Changma season became larger, and precipitation was increased even after the Changma season. As correlations between the period of the Changma season and precipitation have been reduced. It is believed that there are various factors influencing changes in characteristics of the Changma season and that further studies must be conducted in the future.
